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INTRODUCTION

"And~-tunnel measurements on projectiles are a
useful complement to firlng tests. In general, the firing
tests are limited to the determination of the drag of
the shape of the missile. Other unroblems, such as the
determination of the csnter of pressure and of the alr-
force components or of the effect of »rojectile oscil-
lation, and so forth, are not solvable at all by firing
tests or only with great difficulties. Such studles are
very simple in the wind tunnel,

The Institute for Aerodynamlc Research at Gdttingen
has a snall high-speed wind tunn:l in which a large
nuber of dirfferent nonrotating :odel »rojectiles have
already been investigated in the rangs of Mach nubers
of 1,2 to 3.2, The tunnel operates on the Prandtl
prineiple, thaet 13, a brief statilonary air stream is
produced iIn an evacuated tank by inducticn of satinospheric
air, This mode of operation has become common practice in
a numbsr of supersonlc tunnels at different research centers
and mey be regarded as lmnown. The Jet dimensions are
110 X 150 millimeters. The size of the models is limited
by the condition thet the head wave reflected at the Jet
boundary may not return egain to the model 1isclf and
miast not influence the pressure at ths projectile base,
Oowing to the low density in the air stream 1t does not
succeed, as a rule, to obtaln for these dlmensions
Reynolds numbers high enough to nermit figuring with a
turbulent boundary layer.

In the flrst version of the G&ttingen tummel, suction
was from the free atmosphere. It was found that the air
in the Laval nozzles dild not expand adlabeticeally, It

s'Systematische Geschossmessungen im Windkanal,"
from Iilienthal=Gesellschaft Report No. 139, pv 29-37.
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wes Wieselaberssr who first recognized the condensa-
ticn of the water vapor contained in the air during
the expansion as the cause of thils disturbance. It
wes neceasary therefore to calibrate the nozzles for
the atwospheric niclsture occurring in the course of a
year, PFlgure 1 shows the result of this callibration.
The ezpension ratio p/p. 1s plotted in logarithmic
scals against the Mach number (p = pressure in devel-
oped jet, p, = pressure of &ir at rest). The dushed
curvy represents thse Iisentropic expansion for air
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with the ratio of tho specific heats K = 1,405, Tho
erxpansion of molst stmospheric air yiclded ths indi-
coated departures from the lseatrople curvs of zeven
differont Leval unozzles., OSincs, wilth Increasing morsture
content of ths inducted alr, morc heat is continuvously
rc¢loased at condensation and this heat input lowers bthe
gxpansion in a nozzle of snecific orifice reatin In
ineroasing measure, the greoatest departureg from the isens
tropic curve worc obvservsd on sultry summoer days, the
least on colid winter desys. ILudwleg checkod this experie
mentally establlshed result by an asnroximation, Fro-
ceeding from a Laval nczzle of given orifice ravio a
combination of riomentum continuity and energy oquations
closoely conflirmed the describsd departurs from the
jeentropic curve, when a heet Input corresponding to the
heat of condensation is Introduced in the eqguatbtion.

Although 1t thus succeeded 1n talking into account
the eiffect of the alr roisturs on the Mach number, the
pressure al the nozzle tip and the dynemiec pressure, the
condonsabtlon made 1tsell nevertheless dlsturbingly
noticeabls on the quallty of bhe alr streosm. Haturally
the investigetion of models in the wind tunnel makes an
optimum parallel jet desirable, vhich in turn roquires
& well=defined nozzle shsape for each liach numbsr. Butb,
since the lkiach number of the same identicsl nozzls varles
with the moisturo content oi the eir, the persllelism of
the alr streem i1g for this vsry rcason even only approxl-
matsly reached, wken molst atmespheric alr ls expanded.
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Moreover, in very molst air the water vapor is condensed
intermittently (shocklike)}, vhers the ccondensation

shock 1s rceflected by the nozzle throush the developed
jeb. At moderate moisture such a shock was avolded by &
mild curvature of the nozzles in the area of the conden-
setion regicn, and the dilsturbance of the flow by th
ccndcensation was slready damped out at the nezzle tip.

To improve the testing conditions the tunnel was
fitted In 1939 with e gilice-gel filter, which extracted
the wwoisture from the alr flow. It resulted in e practi-
cally perfect adlabatlic expansion of air in the Laval
nozzles, as inlicasted in figure 1., Tho systematic wind-
tunnel studles on nonrotabting missile wmodels, discussed

1

hereinafter, weve all made with dry airv,

FORCE DIAGRALT ON THE ;ITSSILE AND ILLUSTRATTON 0¥ A
VWIND-TUNWHEL MEASURSMENT (PIG. 2)

A missile oxposed at angle of abtteck a in a flow
of speed v 1s subjected to an alr forece P wilth theo
normal=force componsnt N abt right angles to the missile
axls and the tangenticl-foree coponunt T along the
missile axis, On decomposing the resultant force F in
flow directlon and abv riznt angle to 1t, the drag is
W=Tcos a + ¥ ein ¢ &and the lift A = T cos a - T sin a.
The distance of the center of pressure from ths bass is
denoted by f end that of the center of graviity by s.
The mcement of the air force refeorred to tha base is then
Mo = lif and tho moment rsferrsd to the center of gravity
18 Mg = N(f - s). The forces and moments are usuwally
expressed by thelr nondimensional cocfficients

v T L

Nt T e 2_° e Z_
S°F EUF Sv'F
s "
P
v = -J%- ‘end ¢, = =
0
BULF 2 21
5 5 VFD
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(p = density, F = projectils cross-sectional area,
D = callber or diameter).

By definltion the distance of the point of center of
pressure Ifrom the base 1s

r_ Smo
D cn

Flgure 3% shows an example for the measurement of a

nodel in the tunnel., The projectile has a length of

calibers, 2.5 of which are tlp and 1.5 cylin&or.
The oglve merges tangentlially in the ¢yilinder. 7The force
andi roment coefficients for Macli nunber 1,09 as well
as the nositlon of the center of rrecsurs are plotted
against the angle of eattack, 'fhe bLangential force
coefficlont increases a little with the angle of atteck,
end the Jdrog coefficient Increases sven more at greater
angles, because a connonent of the normal force enters
in the drag. Lift, normal force, and moment coefficlents
increoase linearly with the angle cf attacl: for small
angloes. The position of the center of prussure proved
to b independent of the angle ¢f atitsck on this model,
The incresace of cg with a and the position cf tho
center of pressure independent of a 1s nut geunerally
applicable but applles specificelly to this projectile
shaze &t L = 1,99, Othzr projecctiles show, for
examplc, & Cy fhdopendsnt of " & or af gréator angles,
a rolationship between /D and a. But all the
models wlth the most vseriod shuipcs investigaetsd within
the fremework of thse prescent report exhibited en
aporoximately linear increase of ¢, and g with «a

in the small angle-of-abttack range. This result 1s of
practical importance hecause of its simplicity, as for
instance, for the calculatlon of the spin neoscascry
for stabilizatlon. For,by thu gyroscops theory the
Incrcaese of the moment enters in the condition for 4
stable flight of spln-stabilizcd missiles.
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ESULTS OF SYSTE!ATIC TZSTS

Projoctilas of identical length with difilsrent
bead shavne.- Flgure I reprecsents six icealized rmodels
(with~ut cantering collar snd rotcking bands) of 5 calibers
in longth ecach ancd differsnt head shapes. Mo. 1 is an
ogival-headed missile with an ogival radius cf
6.5 culibsrs end & tip length of 2.5 calibers., On Nos. 5
and % the ogival radius is ths same s on Ho. 1, bub
the Gips were shortsned by 0.5D end 1.CD, respsctively,
siving the flattensd front areas a dismeter of 0.36 and
046l calibers, recpectively. No, 9 1s a cylinder}
Fose. 10 and 11 correuspond to tiie shapes 5 and 6,
spherical ceps with tengentiel entry being fitted to
the rlet surfaces and the cylinder lengtha shortened
by the height of the caps, so thet the over-ell length
amounts to 5 calibers egain. The most important test
deta of this sseries ure repressnted in figures 5 to 8.

Figurs § shows the riss in normal-forcu co=-
efficient with the angls of attack de,/da at a = 0°
plotted apainat tha lach number. Witk exception of the
cylinder, sll shepes glve 2 maximum valus at around
M= 2, walle st smaller and gresber M soncwhat lower
valucs wers observed. The commerison ¢f the rise In
rormal-force coefliclent wlth the angle of attack at
Tixsd Mech number discloscs = distincet relieotionship vith
ths slenlerness ratio of ths tip. wilth increasing
flastening or rounding, dcn/ia decreascs and wssumcs

the smallest velus atv the cylinder,

In fipure 6 the disbtance of the center of prsssure

dec
from the base of the misslle f_ __o da 43 chown for
D~ da deg,

a = 00 'The csnter of pressurs on 211 shunes bLrevels, with
incregsing M, toward the basc of the missils., This
travel is very llittle on No. 1, but more on the othere,
The messurements further show for egual Mach number

that the air force on the bvlunt cshapes is applled

farther forward than on the more slonder ones.

With de,/da and £/D for a % 0O the increase in
the moment Mg, referred to the center of gravity of
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she mlssile, with a is easily computed, which is of
importence for the calculation of tae stabllity fector.
4t a distance s of the centsr of gravity from the base

4 de_ -
J..:.....E.‘(f - 38) .Q.UZFJ
da da | 2

g 2 1 .
Actually, the term Cy aﬁ gv F  should be added to

the right-hand side of this equation, but it diseppears

ggaln when interested in the incresase of the moment at o = 0%
that is, at ¢, = O« Beslides, f does not vary per=-
céptibly on th® shapes involvsed here at small angles of
attack, so that daf/da = 0,

Figure 7 shows the drag coefficients for a = 0°
plotted against the llach aumber. They are of the same
ordsr of magnitude at speeds near the velocity of sound
for all shapes with excention of the cylinder, With
ineressing liach number tho drag ccofficients of the
poinfhad shape decrsase, while fhose of the blunt hoads
increase. This behavicr 1s attributable to the dif-
fersn’ ratio of rezd drag to suetian ared. Thae coefftelont
of the swetion drcy Cooroases it incrauasing lioh rmawber
ard in the extreme cacze of very hlgn speeds approaches
tho value zero. For clender missile heads the hcad
dras variles rather 1ittle wiki the toh manmosr and the
total drsg coefficlent will therefowme decresre with the
Lach number. On very blunt head shapes, howevoer, the
coefficlent of the head drag must follow Hhe charsctor
of Prandtl's dynamiec-pressure formuls for supersonle
speeds

5 L
iﬂ% =K + 1 (¢ + 1) kal o _2
gv “ hg = 2(g - 1)4%- KM=

M=
(Ap = pressure rise in the stagnation point over pressure
is undisturted flow). This formula ensures values which
inerease with increasing lMach number and at verwy high
gpoeis approach the limiting value 1.8l for air with
K = 1.405. But the coefficient of suetion drag plays a
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subordinate part on very blunt head shapes. According
to the measurements, the missiles Nos. 10 and 11 fitted
=1lth spherical cep have substantially lower Crag co=-
efficlents, than the flat-nosed iiissiles 5 aud %.

Pigure 8 represents the effect of the angle of
attack on the drag coefflclent for shapes 1, 6, and 9
at a = 0% and a = 6%, The absolute rise in drag
with the angle of attack was found to be about even on
the differeni shapes. But the ncorcentage of increase
on the slender missile is =much higher then on the blunt
shepes., So 1in order to preserve the beneficial effects
of a slender tin on the drag, more care must be given
to the pointed than to tne blunt missile, so that only
small penduletiony (angles of abttack) occur in fligat.

Bffect of height of tin for equal over-2ll lernzth.=-
A further tesT series of pointed r.isalles orf tae sams
length of 5 callvers and height of tip of 1.5, 2.5, and
3¢5 calibers is shown in figure 9., The data for dep/da,

£/D, end cy &t a = 0° are re’resented in figures 10
to 12,

A slight relationshin between rige of normal-force
coefficient and Mach number with a flat maxinum at around
M =2 was here also observed (fig. 10). This maximu is
less on the long slender tip No. 2L then on the shorter,
fuller tip 1 or 22, Compared with figurs 5 it is found
that dep/da decreases on pointed head shapes with
increasing slenderness of tip as well as on L1unt shapes
wlth incrsasing flattening or rounding, and that a short,
full tin, szy, of shape 22, glves the greatest increases
in normel=-force coefficient with the angle of attack.

The center of pressurs (fig. 11) lies farther forward
on the short than on the longer tips, snd likewise shows
a slight tendency toward the base of the missile at
Increasing HMach numbsr. Bub the decreasse in f/D becomes
consistently less with increasing slenderness of the tip.
cn shape 2, for example, the awnlied moment is already
practlcally independent of 17 and the same holds for the

dcmo den r

rlse In moment coefficlent —gg~ = dq@ D with a. This
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result is also very pleeasing, for example, when the
curve of precession along the flight path 1s to be
deteruined,

Azain the drag coefficients for a = 0° (fig. 12)
exhlbit the decrease characteristic of pointed missiles
et inecreasing Mach number, At higher speeds the dreg
coefflcients act approximately inversely proportional
to the tip length.

Effect of the oylindrical lengtih for squal heed
shepe,~ Tne decsLleration Ol & MiSsils LY Lhe 617 drag
Ts Inversely proportioral to the crosse=ssciional loading
(ratio of weight to crous ssction of miseils) and
direstly proportional tc the dreg coelfficisnt,. A sube-
stantial incresse in crossw~sectional loading to reduce
the deeceleration of the flying nissile for a glven
callber is possible only by lengthening the misgiles But
wilth incresasing length of missiloc e 1imit 1s reached
beginning at which the stabilization by rotation becomes
dirficulits It is therefore particularly Lmortant to
check the effect of misslle length on the eair forces
and :moments in wind-tunnel tests.

I'igurs 13 shows four misslles of identical tip shape
and over-sal)l lengths of l, 5, 6, and 7 calibers measured
at M = 2,6l,, The normal=force coefficients are shown
plotted against the missile length for a = 3°, 6°, and 9°
in figure 1l At small o up to %3° the effect of
lengthened cylinder on the normal~force coefficient is
very small, Thus in the range of small a the value
dcn/ﬁa is largely dependent upon the shape of the head,

and little affected by the cylinder length. At greater
@ the cylinder contrlbutes a perceptlibly inereasing nortion
to the normal force with the length.

The distance of the center of pressvrs from the
missile base at different angles of atteck ls renresented
in figure 1l5. The short missile showed & slight travel
of the center of pressure toward the base with increasing
angle of attack. With Increasing cylinder length this
travel is more pronounced because the contribution to the
normal feree increases at greater angles, For exarple,
on the longest misslle of this serles the center of pressure
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et a = 10° is already by half & caiiber ferther back
thea at ¢ £ 09, and for still lonzer shares an even

nors proaounced travel with the eangle of attack is to

be expected, as confirmed by several tests (not

descrited here) con several 10-caliber long missiles.

In stebllity studles, the pesition of the center of
pressure for a = 0° 1s of particular significencs. It
is reproduced in figure 15 together with the center-of-
grevity distsnce s/D plotted against the rmissile
lenzth 14D. The shift in the position of the center of
pressure relative to the tip i3 very little., Lengthening
the missils from I to 7 calibors increasszs ths Aistance
of the center of pressurs frowm the tly by cbout 30 per-
cent. bBut this discancs from the center of gravity
is elready mors than twizce as grest when homogeneous
mass distributlion 1s assumed for the determinaticn of
the centsr of gravity., The morment of ths normal forecs
reforred to the centor of gravity ineresscs, thercfure,
nors than In propertion to thoe lengbh of the missile
a5 u result of the murkedly greater lever erm (£ - s).

Lastly, the drag coefficients of this ssrles are
plotied against missile lengthr at a« = 00, 39, (°, and 9°
in figurs X7. The Increase in arag coefr'iciesnt with the
len.th 1s small at smaell a, but grester at greater a,
becuuse the component of the normsl slong the flow
increases with the lerngth,.

Effect of bow tall on the drag.- Slender mlssiles
ere frequently fitted with & pow tail to reduce the alr
drag. Since low pressure prevalls at ths basse of the
niissile, the object 1ls to lowsr the suction drag by
reducing the area of the base, However, it should be
borne in mind that the alr expands more or less erouné the
envelope of the bow tail, depenhding upon the cone angle,
which again acts in the sense of a drag 1lncredse.

Figure 13 shows four missiles, the drag coefflcients
of which are to be corpered for axial flow. Shapes 1, 16,
end 18 represent a series with constant cone length of
1y = 0.5D and cone engles ¢, = 09, 50431, and 11°19t,
while on the series 1, 16, and 21 the cone angle 5°L35! is
cocnstant and the cone length 1s ¢, 0.5, aand 1.0 callber,
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In order to be able to gain some idea of the
order cf magnitude of the sustion drag and on evenfuil
Improvemoent by & bow teil, the ratio of statlc pressure
of uwadisturbed flow to dynamic pressure

P-_ P . _2_
q %vz K1e

ls plotted against the Mach number. (See fig. 19.) A4t
complete vacuum on the taze cf the missile the pressure
veriation on the base would be squal -p, and on & base
ersa equal to the misslile cross scctlon the plotted
curve in figure 19 would represent the coefficient of
the suption drog, which therefore_deoreuzes with rising
Mech number and at very high speeds approaches the value
Z2e€ro. Prossurs measuremsnts on a number of shapes
disclossd, however, only a prescurs drop of apoub one-
third of the static pressure of undisturbed flow throughout
the entire spsed range above veloclty of scund. This
implies that the cosfficlont of thws suction drag amounts to
abouti one-third of the value p/q only. This amount is
rabtizor wmcll at high supersonic spesds end comes into
questicn relative to the total drag only when hesd and
frictionzl drag togsther ars of similsr order of magni-
tude., Thus at high speeds a descreass in air drag by
means of a bow taill can bo ecxpected only with particile
lerly slender missile tips, whoreas it serves no

purpose whatsoever, to fit a blunt mlseile with it. At
speeds near ths vslocity of sound even a lese slendnr
hoad shapo may result in lower drag when the missile is
fittoed with such a tsil,

The drag meesurements in the wind tunnel at « = 0°
(fig. 20) actually showed at il = 3 1o parceptible
difierencoe in the missilss equipped with +this %ail
compared to the cylindrical form. At decressing Mach
number, however, & noticeable improvement could be
obssrveds The upper part of this figure shows the drag
coefficients of the three shapes with equal cono langth
end different cone angles plotted ageinst the Mach
numbcr. The measuroments indicate that shape 18 with
the greatest cone angle has, in spite of the smaller base
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diameter of 0.8D, a greater drag than shape 16 with the
least cone end a hase diamebter of 0,9D., This is attri-
butable to the greater expanslon of the air around the
bow tail of shape 1&. The lower vart of figure 20 shows
the drag cosfflclents of the series with equal coue

angle and differsnt cone lengths. The drag ccefficlent
decreases monotonic with decreasing base area, altl.ough
the difference of shapss 16 and 21 is umuech less than that
betweon 1 and 16,

COMPARISON OF WIHD-TUNMEL TESTS AND FIRIIG TESTS

3ecause of tlie linised erperience in wind-tunnel
measurerents at high sprceds resulta of firing tesbs were
useé for comnerison ag ifar ac posgible.

In figure 21 the Aresg coefficlentsof & bullsth
measured in the tunnel are corpared with flring tests.
The agreement is very joods The meximum differaence

amounts to about l% percent,

The egreerent was just as close for a blunt missile
shape with a draz coeflficisnt cy = 2.07; bul less
satisfactory for very slender shapes,

Figure 22 shows the recorded dreg coeflicients of the
sS missile at a = 09, 39, 6%, and 9° plotted sgainst
the MNach number. The mesrked rise in drag cosfflecient
with a on such slender shapes has alrecady been nolnted
out. The daslied curve vevpresents the averege valuc of
the drag coefflicients obtained fron the tire of flight
records. The drag coefficlents in the firing tests were
of the order of mugnituds of those measured at a = 6°
in the tunnel, However, such a Lighly devsloped missile
certainly does not oscillate so mueh in its necrmal flight
that the axis of the irissile averages a 6° depariure
from the tangent to the trajectory. Xuttersr (wio had
macde tho tests) pointed out, howsver, that the scattering
in nis test was fairly great and amounted to about
10 percent (cheded aresa in fig. 22)., Tris scatter 1s
then to be explained by the osclllatlion of missile rather
thian by inaccuraciles in the time of flight measursument
and its interpretatlion, because the measureients were
made directly behind the muzzle,. The lower limit
of ths scatter is thersfore the most liltely one,
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and the difference rglctive to the windmbunnel reasuremonts
gt @ = 00 and a = %° is then no Goubt less.

Furthermore, in this. comparison, the efiect of the
Reynolds number cn the friction  Jdrag must also D6
allowed fur, since it emounts to a percentible nortion
of the tovel Arag on such slendsr missiles., In ths wind
tuniisl the ailr density at high Mach numbers iz very
smell because the air stresm is produced hy expunsion
of the atmospheric air. At M = 3, for insteance, the
Reynolds number referred to the length of a 15 milll-
meber diemeter sS missile model is about l. x 102, while
the natural size sS missile at the same Iach number
flies with a Reynolds rumber of about 2 X 10°. Hence
8 leminar boundary laver and a friectlonal drag coeffi-
cisnt of around C.0% wvaferrsed to misslle cross sectilon
muist bhe fisured witvtlu i wind-tunnel tests. Ihe
friction leysr on the natural size 38 missile is tur-
bulznt, howevar, and the coefficient cf the friction
drag is spuroxiratsly 0.05. So in the owscervance of
the natural size Reynolds numher the total drag measured
at Ii= % must be raised by abcut 10 psrcoent, and then
the agreement with the firing test will also bu sub-
stantlally better.

Naturelly, in the previously discussed wind-tunnel
measiyrements, a corresponding influence of friection
dreg by the Heynolds number must bs taken into account.

The piomenbts measured in the wind tunnel wore checked
as closely as possible by viring tests. The rioments and
the vositiocn of the center of )Hressure were msasured for
& series of systematically lengthened missiles with
spproximately cqual head form. The Rhelnmetall Borsig
Coapany, Disseldorf, fired these¢ mlssiles with various
center-of-gravity positions from barrels with different
angles of twisk and measured the osciliatlens of the
missiles by firing through pasteboard targcets (refirence 1)
The stability factors

aM
Ll‘Iq_ da

g =
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1 = moment of inertis about the 1ongitudinal axls of

€ missile, I, = moment of lnertia about the transverse
ris pa°sinn tHrough the center of gravity, w = angular
lo ity) were computed with the woment increment

/30 determined in the wind Sunnel end comparcd_with
th» oba;rvud nsnillation. The stable flight at ¢ = 1.5
was in close agreement with the pyroscop® thsery; ats
smeller stability factors the ligh%5 was unstable (osolle
lotdone greahur thun qo). This result 18 also & gocd
rroof of *he correciacss o the wind-tunnel measuremsnts.,
Tha ob ctlen frequantly enccunbterad in ballistics that
ctable flight of miselles reguired stability fuctors of
Le ordsr cof magnitudce of 10 or 20was attributuable to the
lact of a correct ocounseptlon =f the asredynorle meumciits
ircvatved,

Trenclated by J. Vaaler
Fatlonal A‘viﬂory
Cormistes for Acrcnauties

REFRRENC LS

le ?o THubert, Uber dss Flugorholizn drellstud illrierter
Langgec ch osse, Porschungaberlcht 15%i; »f ths IWRE.
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Figure 1. Expansion of dried and undried atmospheric air in Lavsl
nozzles against the isentropic curve.
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Figure 2. Diagram of forces on a nonrotating missile
in oblique flow.
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Figure 3. Example of missile test results measured in wind
tunnel at M = 1.99.
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Figure 4. Dimensions of a model series
{model Nos. 1, 5, 6, 9, 10, and 11)
with different head designs and equal
length.
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Figure 5. Variation of normal-force coefficient slope
with Mach number.



Figs. 6,7 NACA TM No. 1122
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Figure 7. Drag coefficients of models 1,5,
6,9,10, and 11 in axial flow.



NACA TM No. 1122 Figs. 8,9
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Figure 8. Drag increase due to angle of
attack, models Nos. 1,6, and.9.
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Figure 9. Dimensions of a model series
with different tip heights and equal
length.




Figs. 10,11,12 ' NACA TM No. 1122
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Figure 12. Drag coefficients for axial
flow.



NACA TM No. 1122 Figs, 13,14,15
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Figure 13. Dimensions of a model series with identical tip and different lengths. -
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Figure 14. Normal-force coefficient
of model Nos. 29, 1, 31, and 32
at M = 2.64 and different angles
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Figure 15. Distance of C. P. from the
base with respect to the angle of
attack.



Figs. 16,17,18 NACA TM No, 1122
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Figure 18. Dimensions of model series with different bow tails for equal
tip shape and over-all length.




NACA TM No. 1122 Figs, 19,20
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Figure 19. Ratio of static pressure p
in undisturbed flow to dynamic pressure

qz_ngt plotted against Mach number.
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Figure 20. Drag coefficients for axial
flow, Models 1, 16, and 18 with equal
cone length and different cone angles
(top). Models 1, 10, and 21 with equal

cone angles.



Figs. 21,22
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Figure 21. Drag coefficient of
bullets-comparison of firing

test and wind-tunnel test.
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Figure 22. Drag coefficient of the sS
missile-comparison of firing test with

wind-tunnel test.
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